Fragmentation of practices is one of the key issues in the built environment. However, with advances in Information and Communication Technology (ICT), particularly cloud computing, the fragmentation of working practices can be potentially overcome. The technology could enhance communication and information flow in various stages along a project life cycle. Due to the increasing demands and the newly developed cloud computing applications, it is critical to review and identify the appropriate cloud computing applications in the built environment. A total of forty two cloud computing applications consisting of general cloud applications, Building Information Modelling (BIM), and project management cloud applications were selected and critically reviewed. A decision-making model was also developed to assist parties in selecting a suitable application. The explanatory case study has discovered numerous possible cloud computing applications in various disciplines, for example, Google Apps, Autodesk BIM 360, and Viewpoint are the applications with the most features. The findings contribute to creating a certain awareness and an insight to reduce the fragmented working practices in the built environment.
Many applications can be delivered through cloud computing, such as project management, database management, and the recent emerging technology called Building Information Modelling (BIM). A BIM project is able to create more collaboration within project teams, improved profitability, reduced costs, better time management and improved customer/client relationships [3] . Previous studies on BIM have been focused on the implementation and the adoption frameworks of BIM [2, 12, 25, 29] . Some researchers have suggested that BIM must instead be upgraded with new technologies such as cloud computing [24] and augmented reality [19, 29] , which are able to enhance design coordination or even facility management [30] . It can improve the project in cost, value and carbon performance by exchanging information in the cloud [21] . This technology is going to play an integral part of future BIMs [8] . Some attempts were carried out, especially on the pilot frameworks of various aspects of management [7, 13] .
Therefore, due to the increasing demands and the increasing newly developed cloud computing applications that are constantly being designed in the market, there is a need to conduct an explanatory case study research to review and identify the appropriate cloud computing applications in the built environment. Therefore, the research objectives are (a) to critically review and compare current cloud computing applications and related tools and platforms in the built environment and (b) to develop a decision-making model for the selection of a cloud computing application in the built environment.
This research will assist the parties involved to make informed decisions in selecting suitable applications for their projects, and subsequently Automation in Construction 44 (2014) 152-162 The last of the cloud computing models is Software as a Service (SaaS). In this model, the user can use applied software which is already provided by the service provider on their server [34] . Through this model, users can easily access the software through a browser and are charged on a per user or time used basis. It was asserted by Zhang et al. that this is the best way for a small business to take advantage of cloud computing technology as it is the simplest to use. The users do not get to manage or control the cloud infrastructure, network, servers, operating system, storage or even the application capabilities [17] . However, they may be able to control the user-specific application configuration settings. Some examples of applications provided through the SaaS model are productivity applications such as word processing, spreadsheets, etc. More complex programs such as those for Customer Relationship Management (CRM) and Enterprise-Resource Management (ERM) can also be provided through this model [28] .
This service model of cloud computing typically hosts and manages applications which are then available to users through the web. However, this does not necessarily mean the service provider also provides PaaS or IaaS. Bhardwaj et al. mentioned in their paper that a SaaS provider may be running on other cloud providers for PaaS and IaaS, and is thus only providing the applications and software. Some SaaS service providers were also listed by Bhardwaj [4] . They are Oracle CRM on demand, Salesforce.com and Netsuite. Also, several SaaS providers such as Google Doc, Google Apps, Zoho Office, Yahoo mail, WebEx and Microsoft Office Live were reported [28, 34] .
Apart from that, it is worth to highlight some evolving technologies in relation to cloud computing [10, 15, 20] , namely, Server-based Computing or being described as "thin-client computing", Hosted Client Computing, Web-based applications, and Rich Internet Application. These are relatively new technologies for the applications that would be hosted or run in the server or internet under different circumstances to ensure the connectivity and consistent functioning of the applications. Overall, the taxonomy of cloud computing is required to configure with a number of resources, namely, networks, servers, storage, applications, and services as illustrated in Fig. 1 [9] .
The need for cloud computing
Cloud computing has been increasingly popular in the past few years as it continues to prove that it gives substantial advantages to users who adopt this technology. These advantages have also been extensively discussed by many researchers and academicians around the world.
There are four main reasons why cloud computing is attracting more and more users [28] . The first reason is that it provides elasticity or flexibility, as users are free to request the amount of resources they need from the cloud, for example, the size of storage or servers. The next reason is that cloud computing is economical. This is because users only pay for what they use. For example, if the user only uses two servers they will only pay for those two. The third reason stated in the paper is that this technology is reliable because most of the services provided are fault-tolerant and are highly available. Finally, it is maintained by Tao et al. that cloud computing is more user-friendly and on demand, as the services are tailored to individual requirements.
One of the main benefits is that cloud computing dramatically lowers the cost of entry for small firms who are trying to benefit from computer-intensive business analytics that were previously only accessible by large firms as they are extremely costly. Cloud computing has leveled the playing field for all parties. This lowered cost also opens up vast opportunities to third-world countries that may have been left behind in the IT revolution and have no access to these capabilities. These computing services can then be used to create endless possibilities of innovative IT applications, software and products. Some of the many promising start-ups, such as 37 Signals, Jungle Disk, Gigavox and SmugMug, are results of substantially lower IT investments compared with a few years ago; thus cloud computing can be a catalyst for increasing IT innovation [16] .
Besides, cloud computing makes it easier for companies to scale their services, whether up or down, as the resources can be deployed very fast from the cloud. This in turn results in more efficient use of resources. For example, if a company suddenly requires more resources to meet higher demand they can quickly acquire the resources needed from the cloud, so avoiding potential loss of profit. On the other hand, if the company needs to scale down from low demand they can easily do this through the cloud without having to bear the additional operation or maintenance cost, unlike when physical hardware and software has been acquired by the company [16] .
A case study was conducted on a UK-based SME with a workforce of 20 [28] . The company uses the Microsoft Azure cloud computing service and has commented that the service is reliable and efficient, although deployment to the cloud is slightly slower than to a local server. The Azure service also only costs the company about 20% of traditional hosting solutions.
Overall, the most cited benefits of cloud computing are agility, eliminates capital expenditure, reduces in-house IT staffing, lowers monthly costs, enables adoption of latest technology, encourages standardization, simplifies sharing, reduces unused computing capacity and easy on-ramp to experiment with newer technologies [24] . Some of the new possible applications reported are [16] :
• Mobile interactive applications that respond to real-time information.
• Parallel batch processing to analyze terabytes of data in short periods of time.
• Business analytics to understand the customer, the supply chain, etc., that use large amounts of computer resources.
• Extensions of computer-intensive desktop applications that only show the processed data.
Opportunities and challenges in cloud computing
Cloud computing technology and services have proven to provide many advantages for users. However, there are several disadvantages and risks to using cloud computing technology, with security being the major risk under discussion.
A recent survey of chief information officers and IT executives by the International Data Corporation rated security of cloud computing as the main concern, with an overwhelming majority of 75% of the respondents worrying about security [28] . With potentially private and confidential data that may jeopardize the user if stolen or leaked, security is a legitimate concern. Dorey and Leite [11] also highlighted that service providers' cloud computing, representing larger targets and storing larger amounts of data, may be more attractive to hackers or cyber-terrorists, who might get maximum information or cause maximum disruption of the service if these providers were targeted.
Another aspect of security that users are concerned about is the integrity or trustworthiness of third parties [11] . In many cases, cloud services are also provided by many third parties through other cloud providers, such as SaaS and PaaS providers through an IaaS provider. Thus users are concerned about the integrity, control and sustainability of the service provider.
The next disadvantage or risk that users, and especially large organizations, are concerned about is the loss of physical control of data that is put into the cloud, as mentioned by Marston [16] , who observed that currently many service providers are unable to guarantee the location of a user's data on specified servers in a specified location. With this, the risk of lost or stolen data is greater as servers may be on the other side of the world where it is out of the control of the users.
Marston also stated the cloud can also be a trap [16] . As described in this study, this could happen when companies like Google force users into locked proprietary systems that will gradually cost more over time. Where large amounts of the users' data are already in the cloud, they may be forced to agree to pay the incremental charges, as it would be costly and time-consuming to move to another cloud or a private server.
Besides, the most cited risks of cloud computing are increased delegation to third parties, increased data security risks, reduced ability to limit physical access, reduced control over compliance, reduced control over disaster recovery, fear of increased overall costs, fear of reduced control over performance, fear of reduced availability, heightened integration concerns with in-house legacy systems, risk of vendor business failure and risk of vendor lock-in and lack of profitability [24] .
The effective development and use of cloud computing should consider three main agendas, such as its initial adoption, technical development and governing policy. Ambrust and other researchers have developed ten obstacles and opportunities for the growth of cloud computing as per the agendas [1] . Table 1 shows the obstacles and opportunities for the development of cloud computing. On the other hand, policymakers have been advised to avoid cloud-specific legislations and localization mandates in using only local facilities, but to promote open standards and data interoperability, and also to embrace a global approach or international consensus standards to uphold cybersecurity and protection of data [26] .
. Research approach: explanatory case study
An explanatory case study research usually compare with a set of variables to reach a specific outcome. This is a theoretical approach to present data bearing cause-effect relationships in identifying the suitable cloud computing applications in the built environment. This method can be described as a casual-process tracing approach, which it starts with an interest, and then to select and compare the cases/factors that lead to the research outcome [5] .
. Selection and critical review of cloud computing applications
A critical review was conducted of the cloud computing applications and software selected. The selection was based on two criteria, namely, (a) the cloud computing applications must be cloud-enabled or have cloud functions, (b) the applications must be designed for the construction industry or for project management use. Subsequently, the search was mainly carried out based on Google search machine and recommendations from articles.
The cloud applications were reviewed based on the information and reviews gathered from various sources in the internet. The main source of information for the applications was from the application websites and brochures. Tutorial and seminar videos of the applications were also viewed as one of the sources of information. Applications that were available for trial or free use were used and tested hands-on by the authors before the review was undertaken. Furthermore, reviews of the applications on other websites were also read for further information on them.
The applications were evaluated thoroughly to identify their key features. Other issues such as ease of use, user friendliness and resources for implementation were also reviewed.
. Comparison of cloud computing applications
The next stage of this research was to compare the various cloud applications. The comparison was done on the features available from the applications and separated into three distinct categories.
The first category is the general cloud applications available in the market. These applications are not specifically designed for use in the construction industry, but can be adapted and used for any industry, including the construction industry. Examples of this type of cloud application are Google Apps, Microsoft Office 365 and many more.
The second category of cloud application is cloud BIM applications. These applications are designed for the sole purpose of BIM, allowing users to share models through the cloud. The models may or may not be designed with the application and the application may just be a tool to allow sharing of the model.
The third and final category is for project management applications. These applications are specifically designed for project management and construction management.
. Development of decision-making model
The development of the decision-making model is to assist parties in the built environment, mainly the developer or project manager and contractor, to select an appropriate cloud computing application for their particular use. This is because these individuals are the backbone of the built environment and are in a position to influence and encourage the use of cloud applications. Furthermore, contractors were sub-divided into large and small sized firms to further evaluate the applications most suitable for them.
. Results

Objective 1: critical review and comparative analysis
A total of forty two cloud applications were critically reviewed and compared. The applications were separated into three distinctive categories for the ease of subsequent comparative analysis, namely general cloud applications, cloud BIM applications and cloud project management applications.
. General cloud applications
The first cloud applications that parties in the construction industry can use and take advantage of are general cloud applications such as Google Apps, Microsoft Office 365, Dropbox, Amazon Cloud Drive and Box Enterprise. These are not specifically designed for the construction industry, but for businesses in general and can be adopted by any type of business.
One of the most basic cloud applications is data storage in the cloud, which companies such as Dropbox and Amazon Cloud Drive provide. This function basically means storing files, documents, photos, etc. in the cloud. The main advantage of this type of application is that the files stored in the cloud can be accessed from anywhere through the service provider's website when you log in to your account. Applications can also be downloaded on desktops and mobiles for easy synchronization and management of files. On the desktop, the application will just be a folder where files can be stored and accessed while automatically synced to the cloud.
Another advantage of this type of application is the file sharing option. The files stored in the cloud can be shared with other users that are using the application through an invitation. The files shared can also be updated or edited and be synced across the cloud to all users who have access to that file. Using this function, a business can share documents and be constantly updated with the latest versions Through this type of application, users are able to access and use the applications and also share anything from the applications with people who are in their contact list. Items such as calendar schedules and documents can be shared for easy communication and information flow. Discussions can also be conducted through online messaging, video calls or even simple post notes on documents and calendars.
Businesses who use this type of application are charged based on a per user per month basis. This way, businesses can be flexible in determining how many people in the company or project should have access to the applications.
. Applications of cloud BIM
BIM has been in the construction industry for quite some time now, but the adoption and implementation level are still rather low. In an earlier part of the literature review, it was stated that the way forward for BIM will be with cloud computing. Currently, there are already BIM products in the market with cloud computing capabilities. However, there are two distinct approaches to the implementation of BIM with cloud computing. In the first approach the model developed from BIM is in the cloud, whereas in the second approach the BIM software is virtualized in the cloud.
In the first approach to cloud BIM, there are products such as BIMx. BIMx is a normally designed software that is installed and used in a computer. However, it has additional functionalities that can enable the model developed or designed to be shared in the cloud. This model can be shared by uploading the model to the BIMx website through a web browser. The uploader can decide whether the model shared is to be private or public. A private file will require a username and password to view the model. The models and files can be viewed through a web browser or through a mobile application that BIMx has developed.
Next, BIMServer enables users to transform any computer into a BIM server, after which the files located in the server will be accessible through a web browser. BIMServer is a free open source software developed to encourage parties in the AEC industry to collaborate more efficiently and effectively. BIMServer is mainly intended to transform a computer into a file sharing server but with the ability to analyze Industry Foundation Classes (IFC) data and files. The compliant of IFC is important to BIM in terms of facilitating interoperability from various inputs under a neutral and license free file format specification that is not owned by any vendors. This means that it will be able to understand design files and the elements in them. With this added ability, the software is able to detect changes in the design of the models or files uploaded. With added plug-ins to the software, the user will also be able to visualize the model in 3D and to have a clash detection ability. Because it is an open source software, users are also free to develop additional features as they see fit.
The second approach to cloud BIM is through virtualization of the BIM software as a whole. Companies such as Autodesk have developed a whole platform for BIM in the cloud. Autodesk has a product called Autodesk 360 which combines cloud technology, BIM and other applications such as Project Lifecycle Management applications for the users. Users have a choice of installing the BIM software in their computers or using it through a web browser with the virtualized software. The main advantage of having virtualized software and applications is that operations such as rendering and simulation can be running in the cloud even when the user switches off his computer or does something else.
Other companies such as CaddForce and BIM9 provide entirely virtualized desktops with BIM and design software in the virtual desktop. These virtualized desktops are entire operating systems such as Windows 7 with all the necessary software and are accessible through a login tool on the user's desktop. These companies also develop hardware for companies that want to move into the cloud. For example, CaddForce has a compact CPU with minimum requirements that only runs virtualized desktops, whereas BIM9 helps companies to set up private clouds in their office.
Last but not least, Onuma System is another popular and IFC compliant cloud computing for BIM application for architecture and planning projects. The application works effectively for project management and planning based on the integrated model server for BIM in the cloud. It can also link with other desktop BIM applications such as ArchiCAD, and Revit. In sum, BIM has been said to be the next big leap for technology innovation in the construction industry. The authors feel that with cloud computing technology, BIM can help propel innovation and collaboration in the construction industry even further.
. Cloud project management applications
Project management applications and software have been around for a long time in the built environment. The applicants and software are important to a project success, where it is able to enhance the project managers' competency and skills. Applications such as Microsoft Project and WBS have been used by industry players to properly manage their construction projects since the introduction of IT. However, one of the limitations of these software packages is that they must be installed in a computer and are only usable in that computer. There is also no interconnectivity between parties using the software. Most of the time, there is a disconnection between site personnel and personnel in the headquarters or between parties of a project such as the contractor, architect and client. With the introduction of cloud computing, project management applications and software have been moving to the cloud, opening up a wide range of new functions and possibilities. The authors have found roughly 31 of these applications.
Across all the applications and software reviewed, the main similarity is that they are all web browser accessible. This is understandable, as it is the easiest way a cloud application can be accessed as it does not require any additional tools. The applications can normally be accessed through the product website with a username and password that are given when the license of the application is purchased. Most of the applications also have mobile access, with the application accessible through mobile phones and tablets, through either a web browser or a custom application. Autodesk Buzzsaw, Projectmates and Paskr are a few of the products with custom applications.
Another common feature of the applications is the document management feature. This feature allows users to upload and store documents and files in the application. These documents can then be shared with other users of the application. This allows systematic control and management of the documents of a project without the need for physical paper copies. As a cloud application, this also creates a central database where documents can be accessed from anywhere by any users.
The next common feature of many applications is the reporting feature. The reporting feature allows users to prepare and submit reports such as daily, weekly and monthly progress reports. It also lets users submit reports such as request for information (RFIs). This helps to keep track of the work and progress of projects, as well as getting the most up-to-date information.
Scheduling and budgeting are also two common features among many applications. The scheduling function in the applications is similar to work program applications such as WBS and Microsoft Project, where the work program and scheduling of works can be planned. On the other hand, the budgeting function is a costing and estimating feature where users can prepare a budget for their project. The budgeting function here is mainly for budgeting the construction costs of a project, which include material, labor and sub-contractor costs.
Several applications were found to have less common features such as tender management and finance management. The tender management feature can be used by both developers and contractors. Developers can use it to send out invitations to tender and can evaluate tenders through it, whereas contractors can track the tenders they are bidding for and manage their resources accordingly. On the other hand, the finance management feature is used to manage the accounting and finance part of the project, such as the cash flow of the company. This is different from the budgeting function described earlier, which is mainly for costing, but is interlinked in some of the applications for greater efficiency.
Besides the common and uncommon features, a number of applications also had specialized and rarer features. These features are thought to be designed to make the application stand out from the numerous alternative applications. The first few of these rare features are related to design and drawing. They allow integration with design software, a drawing viewer and markup, BIM model integration and drawing management. The integration with design software feature is only available on Autodesk Buzzsaw, as it is integrated with other Autodesk design software. The drawing viewer and markup are available with only three applications and they allow users to view drawings through the cloud application and also to mark the drawings with notes and annotations. The BIM model integration feature, on the other hand, allows users to view BIM models through the application. Finally, the drawing management feature allows users to upload and share drawings through the application. Document management was described earlier as one of the most common features in all of the applications, but these documents could not be edited and could only be edited once downloaded from the database using traditional software. However, a few of the applications reviewed have a feature which lets users edit the documents in the cloud through the application. This document editing feature is only available in four out of the 31 applications.
Several other specialized features are change management, lead management, contract management and sub-contract management. Change management is used to manage variable orders that may arise in a project. With this feature, variable orders can be keyed into the application and these changes will be detected by the application. The total changes in costs can then be clearly calculated and shown. Thus, the overall budget of the project can be adjusted accordingly. Lead management is a feature which allows users to detect job opportunities through the internet. This particular feature is designed for contractors to constantly search for jobs in the market. The feature is currently only featured on BuildTopia. The next two features are for contract and sub-contract management. Contract management is for contractors to manage the current on-going contracts for their projects, whereas subcontract management is for contractors to manage their sub-contracts with the sub-contractors they have hired. Payments to sub-contractors can also be managed through this feature.
Another rare feature is a workflow management and task management feature. This is slightly different from the scheduling feature as it is a guided process for a project workflow. For example, it helps create a project during start-up, then automatically guides the user towards the necessary actions to be taken, such as requiring an admin punch list of the parties involved, and leads to the design input of the architect and engineer. The scheduling feature is more of a manual spreadsheet for users to customize and key in the necessary works. The task management feature, however, is more of a check-list feature for users to list tasks that must be done.
Two other rare features are procurement and inventory management. The procurement feature allows users to directly send out purchase orders to suppliers through the application and network available, so as to procure the necessary materials and resources. On the other hand, inventory management is mainly for contractors to keep tabs on their inventory.
Besides that, some other features available are service and warranty management, human resource management and material approval. The service and warranty management feature is used by contractors to keep track of all service and warranty claims that may arise after practical completion of projects. Through this, contractors can easily manage and solve any claims that may arise. The human resource management is also a feature mainly for contractors to keep track of their labor. Working hours can be clocked in through this feature and this can then be used to calculate and pay their salaries. Finally, the material approval feature allows contractors to submit material for approval from the client or architect for use in the project.
The other features that were reviewed on the applications are nonproject management or construction related as they are mainly additional functions that the applications have for users. Some of these aim to increase the reliability and security of the application, for example, encrypted data, admin control, 99.9% uptime and archiving. This means that all data and information uploaded are protected with encryption and also the applications are usable 99.9% of the time. Furthermore, with admin control, the administration can effectively control the abilities of the users in the application. For a contingency plan, the archiving feature can be used to create an archive of all the data uploaded in the cloud for safe-keeping in local servers, drivers or compact disks.
Besides that, a few of the applications also have additional features that can assist the productivity and convenience of the user. These include an activity log, online messaging, e-mail, trade network, contact list and calendar. With the activity log feature, users can have a history of activities that were done with the application. In this way, mistakes can be properly tracked back to a time, date and location. With online messaging and e-mail, users can also keep in contact with each other seamlessly in real time. A contact list feature in some applications also allows users to save a list of contacts for the projects. Certain applications even have established trade networks of parties in the construction industry that can be accessed by users. As an added bonus, some applications also feature a calendar for easy reference and planning by the user.
With numerous software and applications available and already in existence, some developers have designed their applications to be able to integrate with other applications, for example, for integration with Microsoft Office software, Microsoft Dynamics SL accounting, etc. This means that the software already purchased by users will not go to waste.
Apart from that, there are also several unique features that are not in the majority of the available applications. One such feature is website integration. With the internet fast becoming the top source of media, companies of all types and sizes need to have a website. Taking advantage of this fact, BuiltTopia has website integration in their application to allow users to create their own website through it. Another unique feature is presented by Threshold CM, where the application enables users to tag photos to drawings, allowing a clear representation of the work progress and physical appearance.
Lastly, while most of the applications mainly provide software, two companies provide both hardware and software for users. This is done through the company providing desktop virtualization, where the whole desktop experience is in the cloud. In addition, the company provides inexpensive hardware that is specially designed for cloud use. Besides this, the company also allows users the option of having traditional software installed, allowing for offline access, and giving the option of customisation of the software.
Project management software has been around for a long time, ever since the IT and ICT industry boom. However, the construction industry has been one of the few industries that are still lagging behind in terms of IT and ICT adoption. With the internet and cloud computing coming into play, cloud project management applications are becoming more easily accessible. With numerous options and choices currently available in the market, parties have the freedom of choice in selecting the most appropriate application. Table 2 shows that the two applications with the most features are Google Apps and Microsoft Office 365, while the other three applications have fewer features. This is because Google Apps and Microsoft Office 365 are designed to have many productivity tools for business to use, while the other three applications are of data and file storage applications.
. Cloud BIM applications
A total of six cloud BIM applications were compared in this paper, namely Autodesk BIM 360, Cadd Force, BIM9, BIMServer, BIMx and Onuma System. All of the applications fulfill the definition of a BIM which enables digital representation of the physical and functional characteristics of a facility. The models can also be shared through the cloud with these applications. Table 3 shows a comparison of the applications.
It can be clearly seen that Autodesk BIM 360 offers the most features, while Onuma System, Cadd Force, BIM9 and BIMServer all provide a considerable number of features, and BIMx provides the fewest features.
Autodesk BIM 360 is mainly a design software with all the designing functions. On top of that, it has added cloud computing capabilities, giving it the most features. Thus, the application can be either installed in the computer or used through the cloud, offering users the best of both worlds.
Onuma System has numerous functions in its cloud computing features too. The strength of the application is for architectural use and also the project management aspect. It works well for program and project development. The data from other vendors can be imported or exported in this application. Clash detection and coordination
Cadd Force and BIM9, on the other hand, use a different approach to cloud computing with virtualized desktops. This means minimum hardware is needed and everything is done through the cloud. It also provides a lot of flexibility and gives users the freedom to add on other types of software besides the BIM application if needed.
The next application is BIMServer, which is a free open source BIM software that enables users to create a BIM cloud of their own. This cloud can be either a private cloud or through a cloud service provider. This application is mainly a file and BIM sharing application which lets users collaborate in a project. Finally, BIMx is actually an extension application for Graphisoft's ArchiCAD software, which enable users to share the BIM model through the cloud. This means that both BIMServer and BIMx still require conventional design software for drawing and design work to be done before a model can be generated.
. Cloud project management applications
Through the course of this research, numerous project management applications have been found, with many being cloud applications. A considerable number of cloud project management applications are available in the market, from which the authors have selected thirty one for review and comparison. The applications that were reviewed and compared are listed in Table 4 .
Comparison of the cloud project management application features is presented in a table format to clearly show the features that each of the applications has, as can be seen in Table 5 below. The first column of the table consists of the various features that the applications have, while the numbers in the first row represent the corresponding applications in Table 4 .
From the table, it can be seen that there are several features that are common to and available in most of the applications. However, there are rare and unique features that only some applications provide. These unique features are more innovative, and may be an attempt by Web browser Access
the developers to add further value to their products in a competitive market.
. Objective 2: decision-making model
With the data collected and a comparison made of the applications, a decision-making model was developed to assist interested parties in the built environment in selecting an appropriate and suitable application that best fits their needs.
The model was based on the type and size of the company, as illustrated in Fig. 2 . The first section of the model has been separated into two categories, namely the developer and project managers, and contractors. The contractor category is further separated into small and large firms. Each of the categories will then have a list of the general, BIM and project management cloud applications that are suitable for use.
For the developer and project management category, almost all the general cloud applications are suitable, except for Amazon Drive. This is because Amazon Drive is designed for personal use and does not have alternative plans for businesses, as a result of which there is not enough space for the needs of a medium to large company, whereas the other applications have plans designed for business and enterprise use.
The cloud BIM applications are suitable for developers and project managers as they are the main decision-makers in a project. Thus, it is important for them to have as much information as possible to assist them in this work. Cloud BIM and traditional BIM applications also require a central figure to first establish and coordinate all parties that are to participate and collaborate with the application. Thus, the developer and project manager must be the key figures in doing this.
On the other hand, for project management, only twenty one out of the thirty one applications are suitable for use by developers and project managers. This is because the applications have the necessary features to enable proper management of a project as a whole, keeping track of the overall project progress and also as a medium to distribute the necessary information to the relevant parties of the project. These key features include tender and bid management, document management, reporting and scheduling functions.
Moving to the small contractors' category, this category consists of small sub-contractors and contractors such as home renovators. Parties in this category should use all the general cloud applications, as it is the easiest and most user-friendly cloud applications that can increase their productivity. However, the cloud BIM applications are not suitable, as they are mainly for use in large projects.
For cloud project management, twenty seven out of the thirty one applications are suitable for use. The four applications that are unsuitable for use are Autodesk Buzzsaw, Autodesk Constructware, Prolog and Proliance, which are mainly designed for large projects and have many additional features that are redundant for small contractors. Applications such as Threshold CM, Builder Trend, Co-Construct and Jobnimbus are more suitable as they are designed for home-builders and renovators, with features such as photo tagging to drawings, and custom material selection for clients.
Eventually, for the large contractors, the suitable general and BIM cloud applications are identical to those for developers, as they are both involved in large projects and are the key central figures in using BIM. Almost all of the project management applications are also suitable for the same reasons, except for the few applications mentioned earlier that are designed for home-builders and renovators.
. Discussion
A total of forty two cloud computing applications were reviewed in this paper, of which five were general cloud applications, six were cloud BIM applications and thirty one were cloud project management applications. Certain limitations need to be considered. Some of the information and data regarding the applications were gathered from the websites of the products, brochures and video tutorials of the applications. Even though some applications have been purchased and tested under full/free licenses and trial versions, it is still rather impossible to assess all of the applications thoroughly as most of the applications require a certain level of learning curve and time for using the applications. Nevertheless, the actual testing and using of the applications would reduce the bias of the information as advertised, which only the best qualities of the applications will be promoted.
As the cloud computing market is fast becoming a very competitive market, many applications also tend to be more secretive and do not post many actual pictures of their application interface or details of the features of their products, as fearing of their competitors in copying the product. Furthermore, the prices of many applications, especially for cloud project management applications, are also not available due to the competitive nature of the market. The competition might hinder the data collection process. Nonetheless, the competitive situation is necessary for the sake of the growth of cloud computing.
Besides, the decision-making model is purely to assist the users in selecting the cloud computing applications in the built environment. The selection might be superficial at this stage as only considering the type and size of companies towards the cloud computing applications. More informed decisions can be achieved by analyzing the matrix among the variables of project characteristics, company backgrounds, budget, and the applications' features.
Apart from that, after investigating the relatively big number of cloud computing applications, it is also recommended that open standards should be applied in the applications to facilitate standardized passing of information between systems or vendors. A centralized web hosted database can be an option to cultivate transparency and long term development of cloud computing, yet the ownership or intellectual property should be properly drafted in the agreement in advance [22] . In sum, the research discovers that many applications are already available and easily accessible. It can also be clearly seen that most of the applications require significant collaborations among project stakeholders, which is an effective means to reduce and overcome fragmentation practices in the built environment.
. Conclusion
The explanatory case study has reviewed and identified forty two cloud computing applications that are suitable in the built environment. The summary of the results is as follows:
• The applications have been compared and grouped into three categories, such as, five general cloud applications, six cloud BIM applications and thirty one cloud project management applications. The applications were then critically analyzed for their pros and cons in the first section of the analysis.
• Google Apps, Microsoft Office 365 and Box Enterprise are the commonly available general cloud applications with the most features. On the other hand, Autodesk BIM 360, BIMServer and BIM9 are common cloud BIM applications; and Viewpoint and Prolog have the most features in their cloud project management applications.
• Subsequently, the decision-making model has been developed and discovered many possible cloud computing applications in various disciplines. The findings show that developers, project managers and large contractors have more options to choose from, as BIM and many project management applications are designed for large projects.
Appendix. List of cloud applications
A General cloud applications
